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Charge
• Survey the experimental techniques that can be used to determine the neutrino 

mass hierarchy, or alternately, measure a quantity sensitive to the sum of 
neutrino masses with sufficient accuracy to distinguish the inverted from the 
normal hierarchy if the sum is found to be sufficiently small.
Include accelerator, reactor, underground (0νββ) and cosmological 
approaches. 
Comment on the strengths and weaknesses of the different methods.

• Summarize the proposed experiments within each category and estimate the 
likely time scale for a neutrino mass hierarchy measurement at 1, 2, 3, 5 
sigma. What are the limiting factors (statistical and systematic) for each?

• Recommend any new programmatic directions that are particularly compelling 
and competitive that should be considered for future investment by PD and/or 
NSD.
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Timescale and Sensitivity
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LBNE
4

LBNE 9

Figure 8. Two- and three-sigma sensitivity plots for the mass hierarchy

versus the fraction of coverage of δcp and detector mass when located at the

SURF site. Solid points (red or black) are the two-sigma limits, while open

circles are the three sigma limits. The solid red line is for the combined

sensitivity of the LBNE detector along with the results of NOνA and T2K.

Points are for the LBNE detector alone, without using information from

T2K or NOνA and five years of running each with neutrinos and anti-

neutrinos with 700 kW. [1].

• Illinois: Illinois has contributed $25M for the construction of the Accelerator Re-

search and Development building, and the FNAL management is looking for other

areas where Illinois can contribute to conventional facilities for LBNE.

• NSF: Multiple LBNE collaborators have submitted proposal to the NSF for review

as part their mid-range MIE program. This would include funding for technical
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• >3σ stat significance for 
determination of MH in (in 
combination with NOvA
+T2K) independently of δCP
 Major part of US program

• However:
 Timescale & cost, could be 

scooped by other measurements
 Poorly understood nuclear effects 
 Limited scope (MH, δCP)
 Small involvement at LBNL at 

present
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LBNE Recommendations
• Consider major participation if opportunities 

for leadership role and resources required to 
take them on are identified
 Opportunities exist that match division expertise
 Leadership role requires increase in involvement, 

or partnership with other UCs and labs
• Without significant leadership role, a limited 

involvement is possible that builds on existing 
strengths 
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Reactor Neutrinos (DayaBay II)
• Statistical sensitivity to MH
• Major Chinese project (will happen)
• Very challenging measurement

 Requires major improvements in 
detector technology (multiple factors 
of 2)

 Energy resolution and scale are of 
paramount importance

 Requires percent-level precision on 
Δm223 

• Collaboration politics may impede 
major role for LBNL
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DayaBay II Recommendations
• Physics and Nuclear Science Divisions have 

considerable expertise in similar experiments 
• Seriously consider involvement if techniques 

are identified to mitigate the systematic issues
 Probably requires a dedicated task force to address 

detector calibration
 Also consider the likelihood of LBNL playing a 

leadership role in physics
 E.g. calibration system has been offered for 

international involvement
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Sensitivity of PINGU 
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 Ken Clark - PSU MANTS, Oct 2012

Comparisons

• Following model in publication, used three 
different resolution pairs

• (2GeV,11.25°),(3GeV,15°),(4GeV,22.5°)
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 Ken Clark - PSU Lyon, Oct 2012

Energy Shift

• Systematic shift 
in energy has 
little effect
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Angle Broadening

• Not a systematic 
shift in zenith

• Misunderstanding 
of the detector 
resolution 
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Atmospheric Neutrinos (PINGU)
• Excellent statistical sensitivity 

to MH
• Issues

 Energy resolution and scale
 Impact on sensitivity
 Practical calibration techniques

 Additional uncertainty due to Δm223 
 Small collaboration: unclear how 

these will be addressed
 NSF vs DOE
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PINGU Geometry - 26m String Spacing

17

•Additional strings within 
IceCube/DeepCore volume
• Number of strings, string-

string spacing, DOM-DOM 
spacing, etc... under 
investigation

• 10+ different simulated 
geometries already

•Shorter DOM-DOM spacing 
than DeepCore

•R & D for future water/ice 
cerenkov detectors

•1.5 year procurement/
shipping + 2-3 year 
deployment

All following plots use V6 Geometry
V6 = 20 strings w/ 60 DOMs/string @ 26m string-string 
spacing, 5m DOM-DOM
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PINGU Geometry - 26m String Spacing
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PINGU Recommendations
• NSD and PD have experience and expertise in 

IceCube 
• Consider involvement if it is determined how 

the systematic issues can be reliably mitigated
 Probably requires a dedicated task force to check 

calculations and address detector calibration
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Tentative Schedule of PINGU and MICA 

11 Doug Cowen Fundamental Physics at the Intensity Frontier Nov-Dec 2011

PINGU and MICA: 
Possible Timeline
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March 2011

Fall 
2012

PINGU

MICA

Submit Letter 
of Interest 

to NSF

Begin simulation 
studies for 18-20 

string detector with 
threshold ~1GeV.  
Targeted Physics: 
WIMPs, neutrino 
oscillations, SN

Fall
 2012

Submit 
PINGU 
Proposal

Complete 1st 
DC analyses.  

Establish R&D 
plans as part of 

PINGU

Spring 
2012

Fall
 2012

Complete 
initial

simulation 
feasibility 
studies 

R&D 
proposals to 

Agencies

Winter 
2014/15

Begin 
deploying 
PINGU

Winter 
2015/16

Finish deploying 
PINGU

including R&D 
strings

Spring/Fall 
2016

Submit 
proposals to 

Agencies

Start 
deployment

Winter 
2018/19

© [2011] The Pygos Group

1st PINGU 
workshop - 

NIKHEF

2nd PINGU 
workshop - 
Penn State

Jan 2012

Summer 
2012

Begin
data

analysis

Spring 
2021

 Ken Clark - PSU Lyon, Oct 2012

Timescale

March 2011

Early 
2012

Begin simulation studies 
for 18-20 string 

detector with threshold 
~1GeV.  Targeted 
Physics: neutrino 

hierarchy, WIMPs, SN

Submit 
PINGU 
Proposal

Complete 1st 
DeepCore 
analyses. 

Spring 
2012

Winter 
2016/17

Begin 
deploying 
PINGU

Winter 
2017/18

Finish deploying 
PINGU including 

R&D strings.
Start data-
taking early

2018

1st PINGU 
workshop - 

NIKHEF

2nd PINGU 
workshop - 
Penn State

Jan 2012

Fall 
2012

3rd PINGU 
workshop - 

Erlangen

May 2012

Submit
 Letter 

of Interest 
to NSF

Finish 
Detailed 
PINGU 
studies

Summer 
2013

Fall
 2013
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Cosmological Constraints
• Cosmological fits are sensitive to the sum of 

neutrino masses
 Direct determination of MH is possible iff MH is 

normal (sum of masses is small)
 Complementarity to terrestrial measurements

• LBNL+campus already have a vibrant and 
multi-pronged program in cosmology
 Opportunity to seize leadership in global analysis and 

analysis infrastructure
 Focus on neutrino mass measurements, their systematics 

and model uncertainties would be particularly appropriate 
for LBNL
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Final Thoughts
• Historically, new projects at LBNL have been 

initiated by people interested in the science
• We hope these presentations will stimulate 

interest
 And people will vote with their feet
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